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A D N A  m a p p i n g  p a n e l  d e r i v e d  f r o m  an  i n t e r s p e c i f i c  
b a c k c r o s s  w a s  u s e d  to  p o s i t i o n  t h e  m o u s e  i n s u l i n - 2  
l o c u s  (Ins-2) on  C h r o m o s o m e  7,  n e a r  H 1 9  ( 0 / 1 1 4  r e c o m -  
b i n a n t s )  a n d  Th ( 1 / 1 1 4  r e c o m b i n a n t s ) .  Ins-,?, i s  p a r t  o f  a 
h u m a n - m o u s e  c o n s e r v e d  l i n k a g e  g r o u p  t h a t  i n c l u d e s  
Th, H19,  a n d  Igf-2. A n a l y s i s  o f  s e g r e g a t i o n  in  t h e  F2  
g e n e r a t i o n  f r o m  t h e  cros s  C 5 7 B L / 6 J - t u b / t u b  × C A S T /  
E i  d e m o n s t r a t e d  t h a t  Ins-2 a n d  t h e  o b e s i t y  m u t a n t  
t u b b y  (tub) are  d i s t i n c t  loc i ,  t h u s  e l i m i n a t i n g  Ins-2 as  a 
c a n d i d a t e  g e n e  for  tub. T h e s e  r e s u l t s  a l so  r e f i n e  t h e  es-  
t i m a t e d  g e n e t i c  d i s t a n c e  b e t w e e n  tub a n d  Hbb to  2 . 4  _ 
1 . 4  cM.  T h e  p r e d i c t e d  l o c a t i o n  for  a h u m a n  h o m o l o g  o f  
t u b b y  is  H S A  1 l p 1 5 .  © 1992 Academic Press, Inc. 
The rodent genome contains two insulin genes, insu- 
lin-1 (Ins-l) and insulin-2 (Ins-2), that  are expressed at 
similar levels in the beta cells of the pancreas (12). Ins-2 
contains two introns and is the homolog of the active 
insulin gene in human and other vertebrates. Ins-1 con- 
tains only the first intron and appears to be derived by 
reverse transcription of a partially processed transcript 
(10). Ins-1 and Ins-2 are assigned to mouse Chromo- 
somes 6 and 7, respectively (6), but subchromosomal lo- 
calizations have not been reported. A new autosomal re- 
cessive obesity mutation tubby was also recently 
mapped to mouse Chromosome 7 (2). The mouse obesity 
mutants are of particular interest in the context of iden- 
tifying the genes involved in control of body weight in 
man [reviewed by (3)]. In view of the association be- 
tween diabetes and obesity, we tested Ins-2 as a candi- 
date for the tub mutation and obtained more precise lo- 
calization of both genes on Chromosome 7. 
Ins-2 was amplified from homozygous tub~tub geno- 
mic DNA, and the product was sequenced (5, 7). The 
structure of the Insi2 gene and the PCR primers are 
indicated in Fig. 1. The sequence obtained for the region 
-43 to +981 was identical to the published sequence 
(12), with the exception of an A to G substitution in the 
second intron at position +472, a substitution unlikely 
to influence gene function. Since the sequence did not 
provide evidence that  tub~tub mice contained a mutant  
Ins-2 gene, the potential identity of Ins-2 and tub was 
tested genetically by analysis of 39 F2 tub~tub offspring 
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produced by intercrossing (C57BL/6J-tub/tub X CAST/ 
El) F1 mice. The F2 mice were maintained for at least 14 
weeks, and obese mice with fat evenly distributed 
throughout the body cavity were classified as tub~tub. 
Hemoglobin/~-chain (Hbb) was typed by electrophoresis 
of blood lysates (13). Ins-2 was typed by Southern blot- 
ting using the PCR-amplified genomic fragments (Fig. 
1) as hybridization probes. A 4.3-kb HindIII fragment 
was observed in C57BL/6J-tub/tub DNA, and a 7.6-kb 
HindIII fragment was observed in CAST/El DNA. 
These fragments segregated as alleles in the F2 genera- 
tion (Fig. 1B). Minor fragments of 8.4 kb (C57BL/6-tub/ 
tub) and 15 kb (CAST/Ei) segregated independently of 
the major fragments and may represent cross-hybridiza- 
tion with Ins-1. Of the 39 F2 tub~tub mice typed, 20 were 
homozygous for the C57BL/6-tub/tub-derived Ins-2 al- 
lele, 6 were homozygous for the CAST/Ei derived allele, 
and 13 were heterozygous. These results indicate that  
Ins-2 and tub are not allelic and suggest that  they are 
loosely linked (25 recombinant chromosomes out of 78 
chromosomes tested; 32 _+ 5 cM). These results clearly 
eliminate Ins-2 as a candidate gene for the tub mutation. 
We also observed 2 recombinants between tub and Hbb 
(2/78) in the 39 F2 mice. Combining these data with the 
earlier observation of 1/47 recombinants (2) gives an 
estimated distance between Hbb and tub of 2.4 _+ 1.4 cM. 
To further localize Ins-2 on Chromosome 7, we ana- 
lyzed an interspecific backcross [(C3H/HeJ-gld/gld × 
Mus spretus) F1 female X C3H/HeJ-gld/gld male] that  
has been characterized for more than 400 genetic 
markers (8, 9, 11). Variation at Ins-2 was detected by 
PCR amplification of genomic DNA using primers 3 and 
4 (Fig. 1), followed by digestion of the amplified frag- 
ment with the restriction enzyme DdeI. (The C3H prod- 
uct is cleaved once to generate fragments 340 and 400 bp 
in length, whereas the M. spretus product is cleaved 
twice to yield fragments of 340, 280, and 120 bp.) Each 
backcross DNA displayed either the homozygous C3H 
pattern (two fragments) or the heterozygous pattern 
(four fragments). Localization of Ins-2 on Chromosome 
7 was determined by a stratified mapping approach. We 
first typed 9 backcross mice known to have inherited 
numerous recombinant chromosomes. Comparison with 
previously typed markers provided a provisional localiza- 
tion to distal mouse Chromosome 7. This localization 
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was  c o n f i r m e d  b y  a n a l y s i s  of  20 a d d i t i o n a l  D N A s  f r o m  
t h e  b a c k c r o s s  m a p p i n g  p a n e l  o f  114, i n c l u d i n g  a l l  mice  
w i t h  c r o s s o v e r s  b e t w e e n  Hbb a n d  Th ( t y r o s i n e  h y d r o x y -  
lase)  (8). A m o n g  t h e  29 b a c k c r o s s  i n d i v i d u a l s  t y p e d  for  
Ins-2, 16 were  r e c o m b i n a n t  b e t w e e n  Ins-2 a n d  Hbb, 1 
was  r e c o m b i n a n t  b e t w e e n  Ins-2 a n d  Th, a n d  n o n e  were  
r e c o m b i n a n t  b e t w e e n  Ins-2 a n d  H19 (Fig.  2). ( T h e  85 
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FIG. 1. (A) Amplification of the Ins-2 gene by PCR. The three 
exons are represented by striped boxes and the two introns by open 
boxes. Primers were designed from the gene sequence (12); nucleo- 
tides are renumbered here from the start site of transcription. Primers 
1 and 2 amplify a 479-bp fragment from the 5' end of the gene. Primers 
3 and 4 amplify a 740-bp fragment from the 3' end of the gene. Primer 
sequences: (1) -91GAGCCCTTAA TGGGTCAAAC AGCAAAGTC- 
C -82 (2) +39SCTGGGGACAG AATTCAGTGG CAGAACTCAC+8~% 
(3) +8~GTGAGTTCTGCCACTGAATT CTGTCCCCAG +39s, (4) 
+111°CACTCATGTC TCCTGGTCCCACATAT .GCAC +l°s', (5) +472T- 
TATCCCGAG ACCCTCCACA CCTAGGACAC +443, (6) +~39GCACT- 
GACTG AAGATGAGTA GG +66°. (B) RFLP at the Ins-2 locus. Geno- 
mic DNA was digested with HindIII and analyzed by Southern blot- 
ting using, as hybridization probes, the two Ins-2 fragments obtained 
by amplification of genomic DNA with primers 1, 2, 3, and 4 (de- 
scribed above). The positions of size markers (kb) are indicated at the 
left. M, size markers (X digested with HindIII; B, C57BL/6J-tub/tub, 
C, CAST/EL 
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FIG. 2. Segregation of Ins-2 among progeny from the interspe- 
cific backcross (C3H/HeJ-gld/gld X M. spretus)F1 X C3H/HeJ-gld/ 
gld. Solid boxes represent the homozygous C3H pattern and open 
boxes the F1 pattern. Ins-2 was typed by PCR as described in the text. 
Typing for Hbb, H19, and Th was previously reported (8). 
mice  n o t  t e s t e d  c o n t a i n e d  no  r e c o m b i n a t i o n s  in  t h e  re-  
g ion  b e t w e e n  Hbb a n d  Th.) A s s u m i n g  no  d o u b l e  r e c o m b i -  
n a n t s  o c c u r r e d  b e t w e e n  Hbb a n d  Th, t h e  gene  o r d e r  is 
centromere-Hbb (14 _+ 3)-Ins-2,  H19 (0.9 Jr 0 . 9 ) - T h .  
T h e  r e c o m b i n a t i o n  r a t e  b e t w e e n  Hbb a n d  Ins-2 was  sig- 
n i f i c a n t l y  h i g h e r  in  t h e  c ross  w i t h  C A S T / E i  (23/78)  
t h a n  in  t h e  c ross  i n v o l v i n g  M. spretus (16 /114)  (2 X 2 
c o n t i n g e n c y  t ab le ,  x 2 = 9; P < 0.003).  T h e  b a s i s  for  t h i s  
d i f f e rence  wil l  r equ i r e  f u r t h e r  a n a l y s i s .  
T h e  m a p p i n g  d a t a  p r e s e n t e d  he re  e l i m i n a t e  Ins-2 as  a 
c a n d i d a t e  gene  for  t u b b y  and ,  u n f o r t u n a t e l y ,  do n o t  
i d e n t i f y  a n y  c a n d i d a t e  genes  f r o m  i t s  m a p  p o s i t i o n .  De -  
t e r m i n a t i o n  o f  t h e  m o l e c u l a r  b a s i s  for  tub a n d  t h e  o t h e r  
s ing le  locus  o b e s i t y  m u t a n t s  in  t h e  m o u s e  has  p o t e n t i a l  
for  p r o v i d i n g  i n s i g h t  i n to  r e l a t e d  h u m a n  d i so rde r s .  Ef-  
fo r t s  to  i so l a t e  t h e  d i a b e t e s  (db) a n d  o b e s i t y  (ob) genes  
b y  p o s i t i o n a l  c l o n i n g  a re  a l r e a d y  in  p r o g r e s s  (3). T h e  
p r o x i m i t y  o f  tub to  Hbb p r o v i d e s  t h e  b a s i s  for  a s i m i l a r  
a p p r o a c h  to  c l o n i n g  o f  t h e  tub gene.  
T h e  h u m a n  h o m o l o g s  o f  m o u s e  Ins-2, H19, a n d  Th a re  
l o c a t e d  on  c h r o m o s o m e  11p15.5.  T h e  c o n s e r v e d  l i n k a g e  
g roup  a lso  i n c l u d e s  Hbb a n d  Igf-2 ( i n s u l i n - l i k e  g r o w t h  
f ac to r -2 )  (1, 4). O n  t h e  b a s i s  o f  c lose  l i n k a g e  o f  tubby a n d  
Hbb, t h e  ro le  of  a h u m a n  h o m o l o g  o f  tubby in  i n h e r i t e d  
o b e s i t y  can  be  t e s t e d  u s i n g  t h e  h u m a n  h e m o g l o b i n  b e t a  
locus  as  a l i n k e d  m a r k e r  in  p e d i g r e e  s tud ies .  
ACKNOWLEDGMENTS 
We are grateful to Richard Swank for providing the PCR sequenc- 
ing protocol and to Beverly Paigen for stimulating discussions. This 
work was supported by USPHS Grants HG00101 (M.F.S.), GM24872 
(M.H.M.), and RR01183 and GM20919 (E.M.E.). 
REFERENCES 
1. Bartolomei, M. S., Zemel, S., and Tilghman, S. M. (1991). Paren- 
tal imprinting of the mouse H19 gene. Nature 351: 153-155. 
2. Coleman, D. L., and Eicher, E. M. (1990). Fat (fat) and tubby 
(tub): Two autosomal recessive mutations causing obesity syn- 
dromes in the mouse. J. Hered. 81: 424-427. 
3. Friedman, J. M., Leibel, R. L., and Bahary, N. (1991). Molecular 
mapping of obesity genes. Mammalian Genome 1: 130-144. 
4. Glaser, T., Housman, D., Lewis, W. H., Gerhard D., and Jones, 
C. (1989). A fine-structure deletion map of human chromosome 
SHORT COMMUNICATION 199 
l lp :  Analysis of J1 series hybrids. Somat. Cell. Mol. Genet. 15: 
477-501. 
5. Gyllensten, U. B., and Erlich, H. A. (1988). Generation of single- 
stranded DNA by the polymerase chain reaction and its applica- 
tion to direct sequencing of the HLA-DQA locus. Proc. Natl. 
Acad. Sci. USA 85: 7652-7656. 
6. Lalley, P. A., and Chirgwin, J. M. (1984). Mapping of mouse 
insulin genes. Cytogenet. Cell Genet. 37: 515. 
7. Mihovilovic, M., and Lee, J. E. (1989). An efficient method for 
sequencing PCR amplified DNA. Biofeedback 7: 14-16. 
8. Saunders, A. M., and Seldin, M. F. (1990). A molecular genetic 
linkage map of mouse chromosome 7. Genomics 8: 524-535. 
9. Seldin, M. F., Morse, H. C., Reeves, J. P., Schribner, C. L., 
Leboeuf, R. C., and Steinberg, A. D. (1988). Genetic analysis of 
autoimmune gld mice. J. Exp. Med. 167: 688-693. 
10. Soares, M. B., Schon, E., Henderson, A., Karathanasis, S. K., 
Cate, R., Zeitlin, S., Chirgwin, J., and Efstratiadis, A. (1985) 
RNA-mediated gene duplication: The rat preproinsulin I gene is 
a functional retroposon. Mol. Cell. Biol. 5: 2090-2103. 
11. Watson, M. L., D'Eustachio, P., Mock, B. A., Steinberg, A. D., 
Morse, H. C., III, Oakey, R. J., Howard, T. A., Rochelle, J. M., 
and Seldin, M. F. (1992). A linkage map of mouse Chromosome 1 
using an interspecific cross segregating for the gld autoimmunity 
mutation. Mammalian Genorne 2: 158-171. 
12. Wentworth, B. M., Schaefer, I. M., Villa-Komaroff, L., and 
Chirgwin, J. M. (1986). Characterization of the two nonallelic 
genes encoding mouse preproinsulin. J. Mol. Evol. 23: 305-312. 
13. Whitney, J. B., III (1978). Simplified typing of mouse hemoglo- 
bin (Hbb) phenotypes using cystamine. Biochem. Genet. 16: 
667-672. 
